ABSTRACT
INTRODUCTION
Aluminum occurs naturally and makes up about 8% of the surface of the earth. It is always found combined with other elements such as oxygen, silicon, and fluorine. Everyone is exposed to low levels of aluminum from food, air and water. It is often used in cooking utensils, containers, appliances, and building materials. It is also used in paints and fireworks; to produce glass, rubber, and ceramics; and in consumer products such as antacids, astringents, buffered aspirin, food additives, and antiperspirants (1) . People are exposed to aluminum when eating substances containing high levels of aluminum (such as antacids) especially at the time of eating or drinking citrus products simultaneously. Antacids containing aluminum have been shown to stimulate the protective processes in the gastric mucosa and to enhance the healing of chronic gastroduodenal ulcerations (2) . Duchateau et al (3) showed the cytoprotective effect of aluminium containing compound against ethanol-induced gastric injury in the rat. However, both aluminum and alcohol are well-documented neurotoxins. A number of theories have been put forward to explain the mechanism of neurotoxicity of aluminum and alcohol. Interestingly, the theories are mostly common, e.g. unbalance in excitatory and inhibitory neurotransmitters, synaptic membrane alteration, alteration in Ca 2+ release and uptake, dysfunction of cytoskeleton, etc. including free radical hypothesis (4, 5, 6) . Crawford (7) has suggested that alcohol abuse, in addition to accepted risk factors (e.g. Aluminum, ApoE4, etc.), may be an additional risk factor for Alzheimer's disease. Davis (8) also hypothesized that the slowly progressive accumulation of aluminum in the brain, so as to reach functionally toxic levels, may be one of the factors to induce alcoholic amnesia or dementia. On the other hand, consumption of alcohol is suggested to increase susceptibility of rats to certain effects of aluminium (9) . Hence the present study was undertaken to evaluate whether aluminum-induced general toxicity in brain is being potentiated by the simultaneous exposure to alcohol.
MATERIALS AND METHODS

Animal maintenance and treatment
10-week-old male albino rats of Wistar strain weighing 100-120g were used. The animals were housed in polypropylene cages inside a well-ventilated room. The room temperature was maintained at 22 ± 2°C with a 12 h light/dark cycle. All rats had free access to a standard diet containing 71% carbohydrate (equal parts of arrowroot and starch), 18% protein (casein), 7% fat (ground nut oil), 4% salt mixture and adequate vitamins (10, 11) . Food and water were given ad libitum.
The rats were divided into the following groups each containing 6 rats.
Without ethanol
Group I.
Rats receiving sodium chloride only Group II.
Rats receiving aluminum only
With ethanol
Group III. Rats receiving ethanol (1.6g/kg body weight) Group IV.
Rats receiving ethanol (1.6g/kg body weight) with aluminum
The treatment was continued for four weeks. Ethanol was given at 9 AM through orogastric intubation while aluminum (4.2mg/kg body weight) as aluminum chloride in sodium chloride (0.9%) was given intraperitoneally at 5 PM daily. The animals were weighed weekly and their general condition and behaviour were recorded. The Animal Ethics Committee of the Institution approved the procedure.
Experimental procedure
At the end of the experimental procedure animals were sacrificed. The brain was dissected out and cleaned with icecold saline, blotted dry, and immediately transferred to the ice chamber.
Estimation of Aluminum Concentration
The aluminum content was estimated after digestion with acid mixture, containing nitric acid, sulphuric acid and perchloric acid in the ratio of 6:1:1, over a regulated heater (12) . The acid mixture was evaporated with occasional addition of distilled water, and a colourless-odourless solution thus obtained. Measurement of aluminum content of the acid free solution was carried out as described by Tapparo et al (13) . To 1.0 ml of the acid free aluminium solutions, 2.0 ml 0.5 M HCl, 250 Pl (0.1% m/v) Eriochrome Cyanine R, 2.0 ml 1M potassium acetate were added and diluted to 10 ml. A blank solution was prepared using distilled water instead of aluminum solution. Absorbance was recorded at 532.5 nm after 30 min of incubation. A Standard Curve was prepared using 50-500 Pg/L Al 3+ (1.85-18.5 Pmol/L) for estimation.
Biochemical methods
Protein content of brain was measured using Folin-Ciocalteau reagent following the modified method of Lowry (14) . Results were expressed as mean ± SEM (standard error). Statistical significance was determined by Student's 't' test and ANOVA. The values of significance were evaluated with 'p' values. The difference was considered significant at p<0.5.
RESULTS AND DISCUSSIONS
Changes in the aluminum content of brain of different groups of rats on exposure to aluminum are presented in Fig. I . The aluminium content of brain increased by 68% in 'aluminum treated group' compared to normal group. It was found that aluminium content was increased by 74% on co-exposure to aluminum and ethanol. Moreover, aluminium content in the brain was increased by 27% when exposed to ethanol only. This study suggested that, the ethanol exposure facilitate the aluminum accumulation in brain. Flora et al (9) Groups exposed to different treatment Normal Aluminum Ethanol Al & EtOH micro moles/100mg wet tissue aluminium and ethanol than in those exposed to aluminium alone.
Protein concentration was increased insignificantly due to aluminium treatment. Ethanol treatment alone in the present dose and duration caused significant reduction in protein content of brain, while aluminum exposure compensated the reduction (Fig. II) . But, in previous studies, aluminum exposure was not found to cause any alteration in brain protein content (12) even in protein malnutrition (5).
Alkaline phosphatase (ALP) is a membrane-associated enzyme, which predominantly concentrated in the vascular endothelium in the brain. There is a more or less continuous sheath of ALP covering all internal and external surfaces of the central nervous system including the spinal cord (18) and thus it may functionally be part in the blood-brain barrier mechanism (15) . However, in the present investigation, two observed that the concentration of aluminium in the blood and liver was significantly higher in rats exposed to both
Ethanol and Biochemical Changes of Brain
factors ANOVA (with replication) showed that only ethanol exposure contributed significant change in ALP activity.
The ACP activity was found to be increased (16% and 10%, respectively, compared to their respective control) in response to aluminum exposure, either 'With' or 'Without' of ethanol treatment (Table 1) . However, significant contributions by aluminum, ethanol, as well as their interactions were observed to induce changes in ACP activity (Two factors ANOVA, with replication). Intracellular ACP is largely confined to lysosomes, which primarily respond to cellular injury (15) . Within the brain, the ACP is found to be concentrated in the gray matter, although it shows the activity in the white matter also to some extent (19) .
The aspartate and alanine aminotransferases are important enzymes of brain; their activities are related with the maintenance of amino acid homeostasis and might be an indicator of mitochondrial injury (18) . Sedman et al (20) concluded that ethanol caused a significant increase in protein turnover in all sections of brain. As amino acid incorporation into brain protein has been shown to reduce upon ethanol administration (21); therefore, altered amino acid distribution pattern within the brain might be expected in response to aluminum exposure. Alteration in glutamate level as well as its metabolism in response to aluminum exposure is already evidenced (12, 22) . No significant change in AST activity was observed in brain in response to aluminum exposure only, which is in agreement with earlier observation (22) . Favarato and Zatta (23) also did not notice any alteration in serum AST activity in response to aluminum. Flora et al (9) observed that simultaneous exposure to aluminium and ethanol produced a significant elevation serum AST when compared to rats given aluminium alone. However, in the present investigation, aluminum exposure caused decrease in AST activity 'With ethanol' (23%) groups, with respect to its control group (Table 1) . Ethanol exposure alone increased AST activity by 18%.
It has been observed that combined exposure of aluminium and ethanol produced a more pronounced inhibition of hepatic alanine aminotransferase activity than either aluminium or ethanol alone (9) . However, in the present investigation, ALT activity remained unaltered.
Glutathione S-transferases (GST) mainly detoxifies electrophilic compounds (24) . In the present experiment, aluminum exposed rats 'Without ethanol' group, the brain GST activity decreased (26%) in comparison to the control group. It may be suggested that, due to aluminum exposure there is some reduction in detoxifying capacity of brain especially those involving glutathione. Thus the aluminum exposure makes brain to be more susceptible to other toxic exposure. On the other hand, ethanol exposure caused significant reduction in GST activities, irrespective of aluminum exposure (Table 1) . However, aluminum 'With ethanol' exposure did not show any significant effect in the brain GST activity with respect to their control group. While, ethanol, aluminium or their co-exposure did not show any impact on brain glucose 6-phosphate dehydrogenase activity (Table 1) . Interestingly, Das and Vasudevan (11) also did not find any significant alteration on G6PDH activity on liver at various doses of ethanol treatment.
CONCLUSIONS
Though ethanol exposure significantly influenced the aluminum load of brain, the interactions of ethanol and aluminum was significant in acid phosphatase activity. These two neurotoxins showed significant activity in glutathione Stransferase enzyme of brain. However, co-exposure did not modify the GST activity due to one by the other. Therefore, it can be suggested that general neurotoxicity produced by aluminum is not modified by ethanol. However, the aluminum load caused by aluminum exposure, may be influenced by ethanol co-exposure.
